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For  the  analysis  and  correlation,  the  data  have  been 
grouped  into  two  classes  -  residential  and  nonresidential . 
Except  for  those  from  Los  Angeles,  most  of  the  fire  reports 
were  of  residential  fires.  The  data  are  compared  to  corre¬ 
sponding  data  from  the  Chicago  area  fires. 

SIGNIFICANT  FINDINGS 

1.  Operations  of  fire  departments  within  the  four  cities 
considered  show  similar  trends  to  those  determined  for  the 
Chicago  Metropolitan  Area. 

2.  The  diverse  types  of  fires  and  the  small  sample  size 
(ten  fires  from  each  city)  do  not  permit  definitive  conclusions 
regarding  the  observed  differences  in  fire  department  opera¬ 
tions  in  various  cities. 

3.  Correlations  developed  using  data  from  the  Chicago 
Metropolitan  Area  provide  interim  information  for  other  cities. 

A.  Brigade  activities  should  be  limited  to  knockdown  of 
fires,  leaving  the  final  extinguishment  to  self-help  teams.* 


See  footnote  on  page  1  of  Summary. 
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OBJECTIVE  AND  SCOPE 

•Hf 

In  a  previous  study,  fire  department  operations  within 
the  Chicago  Metropolitan  Area  were  examined.  Necessary  data 
were  obtained  from  reports  prepared  by  fire  chiefs  acting  as 
consultants  to  the  project. 

The  objective  of  this  study  is  to  obtain  data  from  a  wider 
geographical  area  in  order  to  refine  and  modify  correlations 
previously  developed.  The  scope  of  work  consists  of  expanding 
the  previous  study  to  include  the  analysis  and  correlations  of 
fire  department  operations  in  approximately  40  additional  fires 
from  four  different  regions  in  the  United  States  which  differ 
from  the  Chicago  area. 

APPROACH 

The  operational  analysis  was  made  from  data  received  in 
reports  from  fire  chiefs  of  four  different  cities.  The  cities 
are  Los  Angeles,  Calif.,  Buena  Park,  Calif.,  New  York,  N.  Y. 
and  White  Plains,  N.  Y. 

In  each  report  prepared,  an  attempt  was  made  to  provide 
a  time  history  (as  complete  as  possible)  from  the  estimated  ig¬ 
nition  time  to  the  final  extinguishment  and  overhaul,  including 
the  time  of  arrival  of  each  piece  of  fire  department  apparatus 
and  the  actual  time  required  to  bring  the  fire  under  control. 

All  reports  were  prepared  in  a  uniform  manner  on  forms  supplied 
to  the  fire  chiefs  by  IITRI.  Each  report  included  plan  view 
sketches  indicating  the  location  of  the  fire  origin  (where  pos¬ 
sible)  ,  the  extent  of  the  fire  area,  the  location  and  descrip¬ 
tion  of  hose  lines  and  fire  suppression  apparatuses,  and  a 
narrative  description  of  the  fire. 


Labes,  W.  G. ,  "Fire  Department  Operations  Analysis,"  IIT 
Research  Institute  Report  for  Office  of  Civil  Defense, 
Contract  DAHC20-70-C-0208 ,  OCD  Work  Unit  2522F,  January  1968. 
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This  report  summarizes  the  final  phase  of  studies  con¬ 
cerning  the  operation  of  fire  departments.  The  work  was  spon¬ 
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ABSTRACT 


Fire  department  operations  were  studied  in  New  York, 

N.  Y.,  White  Plains,  N<  Y.,  Los  Angeles,  California  and  Buena 
Park,  California.  The  study  was  performed  using  data  on  ten 
fires  in  each  city.  Correlations  were  developed  involving 
water  application,  time  and  manpower  required  for  suppressing 
various  sizes  of  structural  fires.  Results  were  compared  with 
fire  department  operations  within  the  Chicago  Metropolitan  Area 
that  were  determined  in  other  studies. 
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I. I  Need  for  Studying  Fire  Department  Operations 

In  recent  years  numerous  studies  have  convincingly  demon¬ 
strated  the  ability  of  a  nuclear  detonation  to  produce  a  large 
number  of  fires  in  an  exposed  urban  area.  These  fires  could 
have  catastrophic  consequences  both  in  terms  of  human  casualties 
and  destruction  of  property.  Therefore  it  is  essential  for 
urban  areas  to  have  fire  defenses  against  thermal  effects  of 
nuclear  detonations. 

Because  of  the  severity  of  the  fire  situation,  these  de¬ 
fenses  must  include  several  levels  of  fire  suppression  activities 
ranging  from  the  efforts  of  untrained  individuals  (self-help)  to 
professional  fire  departments.  Suppression  activities  at  each 
level  will  play  an  important  part  in  the  overall  defense  pic¬ 
ture.  Thus  self-help  teams  by  reducing  the  number  of  ign-ttions, 
reduce  the  initial  and  thus  the  overall  magnitude  of  the  fire 
problem.  Brigades,  by  suppressing  fires  which  have  flashover, 
prevent  structural  involvement  and  decrease  the  fire  intensity 
and  the  potential  of  fire  spread.  Similar  results  are  obtained 
from  the  efforts  of  professional  fire  departments  in  suppressing 
fully  involved  building  fires. 

Each  of  the  levels  differ  in  regard  to  personnel  training, 
equipment,  and  water  quantities  required.  However,  for  all 
practical  purposes  brigades  can  be  assumed  to  have  capabilities 
similar  to  professional  fire  departments.  The  personnel,  al¬ 
though  not  as  highly  trained  as  the  professional  fire  fighters, 
must  be  able  to  suppress  fires  which  have  flashover.  Similarly 
in  regard  to  the  manpower,  equipment,  and  water,  multiple  teams 
of  brigades  can  be  employed  to  provide  an  equivalence  between 
brigade  and  professional  fire  department  capabilities. 

Because  of  this  equivalence,  the  defenses  of  urban  areas 
against  fires  produced  by  nuclear  detonation,  can  be  broadly 

NT  RESEARCH  INSTITUTE 
1 


considered  to  be  provided  by  self-help  and  brigade  teams.  In 
connection  with  the  latter,  information  needed  for  planning 
purposes  includes  water  application  rates  and  quantities,  man¬ 
power,  and  control  time  of  fires.  These  data  can  be  obtained 
from  the  analysis  of  professional  fire  departments,  and  such  an 
analysis  was  the  objective  of  the  studies  described  in  this 
report , 

1 , 2  Scope  of  Work 

In  the  past  IIT  Research  Institute  (IITRI)  studied  the 
operations  of  fire  departments  located  within  the  Chicago  Met¬ 
ropolitan  Area,  Necessary  data  were  obtained  from  reports 
prepared  by  fire  chiefs  acting  as  consultants  to  the  projects. 
The  objective  of  this  study  was  to  obtain  data  from  a  wider 
geographical  area  in  order  to  refine,  and  modify  correlations 
previously  developed.  Specifically,  the  scope  of  work  required 
that  "studies  previously  conducted  under  Contracts  N228(62479) 
69031  and  N00228-67-C-0701  on  134  fires  will  be  expanded  to  in¬ 
clude  the  analysis  and  correlations  of  fire  department  opera¬ 
tions  in  approximately  40  additional  fires  over  four  United 
States  regions  which  differ  from  the  Chicago  area.  Efforts 
will  include  any  refinements  and  modifications  of  previous  cor¬ 
relation  methods  which  can  be  identified," 
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2. 


DATA 


In  this  section  the  data  procured  for  performing  the 
analysis  of  the  fire  department  operations  are  discussed.  First, 
considerations  are  given  to  the  pertinent  stages  occurring  dur¬ 
ing  development  of  the  fire  and  suppression  operation.  This  is 
done  in  order  to  clarify  the  terminology  used  and  also  to  bring 
into  focus  the  significance  of  the  quantities  considered  in 
evaluating  the  suppression  operations. 

2.1  Significant  Parameters 

The  development  of  a  fire  within  a  structure  and  the  ef¬ 
fects  of  fire  fighting  operations,  can  be  characterized  in  terms 
of  several  significant  parameters  described  schematically  in 
Fig.  1  (Ref.  1).  As  indicated  in  this  figure,  the  first  signifi¬ 
cant  event  following  the  start  of  fire  is  the  flashover.  The 
flashover  represents  a  significant  increase  in  the  fire  intensity, 
and  for  all  practical  purposes  corresponds  to  the  starting  time 
(Tq)  of  accelerated  fire  spread  through  the  structure.  Experi¬ 
mental  evidence  (Ref.  2)  indicates  that  in  the  absence  of  fire 
fighting  operations,  the  structural  involvement  by  fire  would 
proceed  at  an  exponential  rate,  as  depicted  by  Curve  I  in  Fig.  1. 
The  activity  of  the  fire  fighting  decreases  this  rate  of  de¬ 
velopment  (Curve  II) ,  and  the  fire  area  after  reaching  some  maxi¬ 
mum  value  (A2)  begins  to  decrease  (Curve  III) . 

The  duration  of  fire  prior  to  the  start  of  fire  fighting 
opera  . ion  is  the  preburn  time  (Tp) .  During  this  time  the  fire 
increases  in  area  and  can  also  involve  concealed  spaces,  in¬ 
creasing  the  difficulty  of  extinguishment. 

Fire  fighting  time  required  to  stop  the  increase  of  fire 
is  called  control  time  (Tc).  During  this  time  the  suppression 
operations  reach  their  maximum,  both  in  manpower  and  water  ap¬ 
plication.  At  control  time  the  fire  area  also  reaches  its  maximum 
values  (A2) .  The  duration  of  the  fire  fighting  after  the  control 
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has  been  established  is  referred  to  as  the  final  extinguishment 
and  overhaul  time  (T  ) .  At  the  end  of  this  period  the  fire  has 

w 

been  completely  extinguished. 

The  maximum  fire  area  (A2)  is  a  significant  quantity  since 
in  essence  it  indicates  the  effectiveness  of  fire  suppression 
operation  in  controlling  the  fire.  The  smaller  Ag,  all  other 
conditions  remaining  the  same,  indicates  more  efficiency  in 
fire  fighting.  It  must  be  noted,  however,  that  this  criterion 
may  not  be  applicable  to  the  final  extinguishment  and  overhaul. 
These  operations,  as  mentioned  above,  depend  also  on  fire  in¬ 
volvement  of  concealed  spaces.  Unfortunately,  this  information 
is  usually  not  available.  Some  conjecture,  could  be  made  using 
the  preburn  time.  The  prebum  time  is  often  unreliable  due  to 
the  lack  of  the  fire  origin  time.  Thus  any  information  deduced 
on  the  basis  of  the  prebum  time  must  be  considered  as  approxi¬ 
mate  only. 

2.2  Procurement  of  Data 
2.2.1  Type 

Numerous  parameters  affect  both  the  development  and  sup¬ 
pression  of  structural  fires.  These  parameters  include  location 
of  fire,  structural  characteristics,  type  of  occupancy  and  at¬ 
mospheric  conditions.  Thus,  the  location  of  fire  influences 
its  rate  of  spread  through  the  structure  and  also  accessibility 
for  fire  fighting.  A  fire  at  the  ground  level  presents  less 
operational  problems  for  fire  fighting  than  a  fire  at  higher 
floor  levels.  The  combustibility  and  the  internal  layout  of 
the  structure  also  affect  the  rate  of  fire  spread  and  the  sup¬ 
pression  operation.  In  a  fire  resistive  structure  the  confine¬ 
ment  of  fire  to  the  floor  of  origin  and  lack  of  fire  penetration 
into  concealed  spaces  lessen  both  the  intensity  of  the  fire  as 
well  as  the  required  suppression  operations. 


IIT  RESEARCH  INSTITUTE 

5 


In  respect  to  the  wood  frame  and  masonry  walls,  and  wood 
floor  buildings,  the  differences  in  construction  will  be  of 
significance  primarily  in  latter  stages  of  fire  development. 

The  flashover  time  and  the  rate  of  fire  spread  throughout  these 
structures  will  be  affected  mainly  by  their  geometry,  internal 
layout  and  content. 

The  amount,  nature  and  distribution  of  the  contents  de¬ 
termines  to  a  considerable  degree  the  intensity  of  the  fire  and 
in  turn  the  necessary  fire  fighting  operations.  Unfortunately, 
all  this  information  is  usually  not  available  and  must  be  de¬ 
duced  from  the  type  of  occupancy  which  may  be  quite  inaccurate 
in  a  case  of  nonresidential  occupancy. 

Generally,  moderate  atmospheric  conditions  are  not  ex¬ 
pected  to  substantially  affect  the  fire  fighting.  High  wind 
velocities  may  fan  the  fire  and  deflect  the  water  streams  from 
the  fire  thus  reducing  the  effectiveness  of  suppression  opera¬ 
tions.  Similarly,  prevailing  high  temperatures  and  low  humidi¬ 
ties  could  increase  the  fire  intensity.  An  opposite  effect  is 
expected  from  precipitation  during  the  fire.  Quantitatively, 
th2  effects  of  these  environmental  conditions  on  fire  behavior 
and  suppression  operations  are  not  known  at  this  time. 

Information  collected  is  shown  in  Table  I.  As  indicated 
in  this  table,  in  addition  to  the  detailed  description  of  fire 
suppression  operations,  numerous  supplementary  data  were  ob¬ 
tained.  The  latter  are  essential  for  a  complete  analysis  of 
the  fire  suppression  efforts. 

2.2.2  Method 

Data  necessary  for  the  analysis  were  obtained  from  the 
reports  on  fire  suppression  operations  prepared  by  fire  chiefs 
active  in  the  cities  considered.  All  reports  were  prepared 
in  a  uniform  manner  using  a  standardized  procedure  similar  to 
the  one  developed  in  Ref.  1.  Each  fire  report  included  plan 
view  sketches  indicating  the  location  and  extent  of  the  fire 
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Structural  Characteristics 

•  Construction  type 

•  Wall  material 

•  Floor  covering 

o  Roof  construction  and  covering 
e  Interior  vail  and  ceiling  finish 

•  Floor  openings 

•  Exterior  wall  openings 

•  Age  of  structure 

Type  of  Occupancy 

•  Residential 

•  Commercial 

•  Industrial 

•  Institutional 

•  etc. 

Environmental  Conditions 

•  Temperature 

e  Wind  velocity 

•  Precipitation 
c-  Humidity 

History  of  Fire 

•  Time  when  fire  started 
e  Cause  of  ignition 

v  Material  initially  ignited 
e  Time  of  fire  discovery 

•  Time  and  type  of  alarm  transmission 

•  Development  of  fire  within  vne  structure 

•  Extent  of  physical  damage 

•  Production  of  firebrands 

•  Casualties 

Fire  Suppression  Operations 

o  Extent  of  fire  fighting  by  occjpants 
o  Name  and  number  of  companies  responding 
o  Type  of  each  apparatus 

•  Ctpaclty  of  pump  and  water  tank 

•  Manning  of  apparatus  {paid,  volunteer  and  number  of  men) 
e  Sources  of  water  supply 

o  Incoming  residual  pressure 
o  length,  type,  size  of  hose  line  and  nozzles 
o  Discharge  pressure  on  lines 

•  Ladder  pipes 

c  Use  of  standpipe  and  automatic  sprinklers 

•  Placement  and  length  of  lines 

•  Time  and  use  of  each  hose  line 

•  Amount  oi  water  used 
o  Time  of  control 

•  Time'  of  extinguishment  and  overhaul 

•  Rescue  efforts 
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Area,  the  location  of  hose  lines  and  fire  suppression  apparatuses, 
and  a  narrative  description  of  the  fire. 

Locations  selected  for  studying  the  fire  department  opera¬ 
tion  include: 

a  New  York,  New  York 
e  White  Plains,  New  York 
a  Los  Angeles,  California 
a  Buena  Park,  California 

These  locations  were  selected  because  they  represent  widely 
separated  geographical  areas  within  the  United  States  and  also 
permit  comparison  of  large  and  small  size  fire  departments. 

The  distribution  of  fire  reports  by  occupancies,  including 
those  considered  in  Ref.  1  for  the  Chicago  Metropolitan  Area, 
is  shown  in  Table  11.  Except  for  the  City  of  Los  Angeles,  most 
of  the  fire  reports  obtained  (outside  of  the  Chicago  Metropoli¬ 
tan  Area)  pertain  to  residential  occupancies. 

All  data  obtained  are  summarized  in  Appendix  A  as  tables. 
Included  are  brief  remarks  highlighting  each  fire. 
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3. 


ANALYSIS 


3.1  Relationships  Considered 

An  analysis  of  fire  suppression  operations  involves 
numerous  parameters ,  some  only  approximately  known  due  to  the 
difficulty  in  securing  reliable  data.  For  this  reason,  a  large 
number  of  fire  fighting  studies  is  required  in  order  to  develop 
accurate  relationships  describing  the  effects  of  all  pertinent 
parameters.  This  was  infeasible  with  available  data  and  the 
analysis  was  limited  to  only  two  broad  categories  of  occupan¬ 
cies  --  residential  and  nonresidential.  The  maximum  fire  area 
(at  the  control  time)  was  used  as  the  independent  variable  in 
developing  various  relationships.  These  relationships  were 
similar  to  those  of  Ref.  1.  This  was  done  in  order  to  obtain 
a  direct  comparison  between  the  fire  department  operations 
within  the  Chicago  Metropolitan  Area  studied  previously,  and 
four  other  selected  locations. 

Specifically,  the  relationships  considered  involved  the 
following  quantities,  all  expressed  as  functions  of  maximum 
fire  area: 

2 

•  Average  water  application  rate  density  (gpm/ft  ) 

•  Average  water  application  rate  (gpm) 

•  Average  quantity  of  water  used  for  control  (gals) 

•  Average  control  time  (min) 

•  Average  manpower  present 

•  Average  man-hours  expended. 

Water  application  rates  refer  to  the  maximum  values  used  in 
achieving  control  of  the  fires.  The  averages  of  these  quanti¬ 
ties  for  fire  areas  within  specified  class  ranges,  were  used 
in  correlating  the  data.  A  distinction  is  made  between  the 
manpower  present  and  the  manpower  expended,  because  some  per¬ 
sonnel  present  at  the  fireground  may  not  actively  participate 
in  the  fire  suppression  activities. 
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3.2  Discussion  of  Results 


Water  quantities  and  the  control  times  used  in  suppressing 
fires  within  the  Chicago  Metropolitan  Area;  New  York  and  White 
Plains,  N.Y.;  Los  Angeles  and  Buena  Park,  Calif,  are  shown  as  a 
table  in  Appendix  B.  The  corresponding  manpower  is  also  given 
as  a  table  in  this  appendix.  The  plots  of  these  quantities  are 
presented  in  Figs.  2  through  5. 

Values  for  the  Chicago  area  are  averages  of  many  fires, 

whereas  those  corresponding  to  other  cities  are  in  most  cases  for 

2 

single  fires.  As  an  example,  for  fire  areas  smaller  than  500  ft 
only  one  report  was  available  from  Los  Angeles  compared  to  28 
reports  from  Chicago. 

A  review  of  the  graphs  shows  that  average  values  from  the 
Chicago  area  correlate  reasonably  well  with  the  fire  area.  There 
is  some  scatter  of  data  which  would,  however,  become  much  more 
pronounced  in  plots  using  actual  rather  than  average  values. 
Various  factors  may  be  responsible  for  this  scatter.  These  may 
involve  uncertainties  in  fire  development  and  differences  in 
operational  procedures . 

Because  of  small  sample  sizes  and  the  scatter  of  data,  it 
is  difficult  to  draw  definitive  conclusions  regarding  the  dif¬ 
ferences  between  fire  fighting  in  Chicago  areas  and  other  cities 
studied.  Nevertheless,  examination  of  the  graphs  indicates  that 
in  regard  to  water  applications  and  control  times,  the  data  from 
other  cities  exhibit  trends  similar  to  those  determined  for  the 
Chicago  area.  It  is  of  interest  to  note  that  the  application 
rate  densities  (gpm/ft^)  on  residential  fires  (Fig.  2),  were 
mostly  well  above  those  used  in  suppression  of  experimental 
building  fires.  The  difference  was  less  pronounced  in  con¬ 
nection  with  water  application  rates  (gpm) ,  and  some  values  even 
corresponded  to  those  obtained  during  the  experimental  fires. 
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The  suppression  of  nonresidential  fires  shows  larger  dis¬ 
crepancies  between  the  Chicago  area  and  other  cities  than  observed 
with  residential  fires.  This  is  particularly  true  in  connection 
with  water  quantities  used  to  control  fires  having  areas  larger 
than  5000  ft  .  The  manpower  present  and  man-hours  expended  in 
suppressing  fires  are  shown  in  Figs.  4  and  5  for  residential  and 
nonresidential  fires,  respectively.  Surprisingly  larger  variations 
between  the  cities  were  obtained  in  connection  with  the  residential 
fires,  than  were  obtained  with  nonresidential  fires.  In  either 
case  the  variation  of  data  may  reflect  the  differences  between  man- 
manpower  response  policies  of  various  fire  departments.  These 
differences  are  quite  apparent  from  Tables  III  and  IV,  showing 
typical  examples  of  fire  department  responses  in  a  large  and  small 
city,  respectively  (Ref.  1). 

3. 3  Application 

As  indicated  in  the  introduction,  the  fire  defense  of 
urban  areas  against  thermal  effects  from  nuclear  detonation  can 
be  structured  in  terms  of  self-help  and  brigade  teams.  The 
activities  of  self-help  teams  are  limited  to  suppression  of  ig¬ 
nition  and  possibly  to  overhaul  and  salvage,  leaving  suppression 
of  fires  past  flashover  to  brigades.  As  readily  seen  in  Figs.  4 
and  5,  relegating  the  salvage  and  overhaul  to  self-help  teams 
would  substantially  decrease  the  time  required  for  brigades  to 
spend  with  each  fire  and  thus  increase  their  ability  to  handle 
a  much  larger  number  of  fires.  The  use  of  self-help  teams  for 
salvage  and  overhaul  may  require  some  additional  equipment  and 
training  to  be  provided  for  the  teams.  This  would  be  more  than 
offset  by  the  benefit  derived  in  increasing  the  effectiveness 
of  brigades. 

The  information  developed  during  this  study  is  primarily 
of  interest  to  the  operation  of  brigades.  Several  types  of 
brigade  units  were  postulated  in  Ref.  1  and  those  are  summarized 
in  Table  V.  Using  this  information  and  the  relationships  of 
Figs,  2  and  3,  the  number  of  brigade  units,  quantity  of  water, 

and  time  required  to  control  structural  fires  can  be  evaluated. 

IU  RESEARCH  INSTITUTE 


16 


TABLE  IV 


FIRE  ALARM  RESPONSE  IN  A  SMALL  CITY  AND  ITS  RURAL  AREA 
FIRE  DISTRICT  INFORMATION 


Land  Area  In  Fire  District  -  36  square  miles 

Population  -  Within  City  -  8,000  people 

-  Within  Entire  Fire  District  -  12,000  people 

Fire  Department  Manpower  -  Four  paid  men 

-  Twenty-one  volunteers  on  call 

Alarms  received  by  telephone 

STRUCTURAL  FIRE  IN  A  HIGH  VALUE  DISTRICT 


Order  of 
Response 

Initial  Alarm 


First  call  for 
help  from  nearby 
towns 


Apparatus 

3  Engines 
1  Ladder  Truck 
1  Emergency  Truck 

1  Engine 


Manpower 

Entire  department 
of  25  men  respond 


5  men  respond 


STRUCTURAL  FIRE  IN  A  RURAL  AREA  OF  THE  DISTRICT 

Initial  Alarm  2  Engines  One-half  of  department 

1  Emergency  Truck  12  men  respond 
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TABLE  V 

TYPES  OF  BRIGADE  TEAMS 


Brigade  Number 

Team  Type  of  Men 

Designation  Per  Team 

A  4  or  5 


4  or  5 
4  or  5 
8  or  10 


Size  Number  Potential  Water 

of  of  Application 

Hose  Lines  Hose  Lines  Rates  Per  Team 
(in.) 


1-1/2 

2-1/2 

2-1/2 


2 ,  30  gpm  streams 
totaling  60  gpm 

80  gpm 

150  gpm 

2,  250  gpm 
streams  totaling 
500  gpm 


Tables  VI  and  VII  show  these  quantities  as  functions  of  brigade 
types  for  knockdown  of  residential  and  nonresidential  fires, 
respectively.  The  knockdown  of  fires  refers  to  suppression  of 
fires  beyond  the  control  point  until  no  flaming  appears.  No 
overhaul  and  salvage  operations  would  be  performed  by  brigade 
units,  and  the  control  time  represents  approximately  the  dura¬ 
tion  of  fire  fighting  operations . 
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4.  SUMMARY 

The  operations  of  fire  departments  were  studied  by  IITRI 
in  the  past  (Ref.  1)  using  data  from  134  fires  in  the  Chicago 
Metropolitan  Area.  The  objective  of  this  study  was  to  enhance 
the  results  obtained  by  analyzing  and  comparing  fire  suppression 
in  other  locations  within  the  United  States.  Specifically,  the 
locations  considered  include:  New  York  and  White  Plains,  N.Y.; 
Los  Angeles  and  Bu<_na  Park,  California.  These  cities  were 
selected  to  provide  data  on  operations  of  fire  departments  (one 
small  and  one  large)  located  in  widely  different  geographical 
regions . 

The  study  involved  10  fires  from  each  city,  i.e.,  in  total 
40  fires.  Required  data  were  obtained  from  reports  prepared  by 
fire  chiefs  active  in  the  cities  considered.  Correlatiors  de¬ 
veloped  include  water  application,  control  time,  and  manpower 
required  to  suppress  fires.  All  quantities  were  expressed  as 
functions  of  maximum  fire  area.  Water  application  requirements 
for  several  types  of  brigade  teams  for  suppressing  different 
size  fires  were  established. 

5.  CONCLUSIONS 

Based  on  the  performed  analysis  of  40  fires  the  following 
conclusions  are  given: 

•  Operations  of  fire  departments  within  four 
cities  considered  show  similar  trends  to  those 
determined  for  the  Chicago  Metropolitan  Area. 

•  Diverse  types  of  fires  and  small  sample  sizes 
(10  from  each  city)  do  not  permit  definitive 
conclusions  regarding  observed  differences  in 
fire  department  operations  in  various  cities. 

•  Correlations  developed  using  data  from  the  Chicago 
Metropolitan  Area  provide  interim  information  for 
other  cities  (Table  VIII). 

•  Brigade  activities  should  be  limited  to  knock¬ 
down  of  fires  leaving  final  extinguishment  to 
self-help  teams. 
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RECOMMENDATIONS  FOR  FUTURE  WORK 


The  following  recommendations  are  made  for  future  studies 
related  to  defenses  of  urban  areas  against  fires  produced  by 
nuclear  detonations: 

•  Obtain  additional  data  on  fire  fighting  in 
cities  considered  in  order  to  reach  definitive 
conclusions  on  fire  suppression  operations  in 
various  regions  of  the  fire  in  the  United  States. 

•  Determine  experimentally  the  optimum  approach 
for  controlling  structural  fires. 

•  Evaluate  the  effectiveness  of  self-help  teams 
in  salvage  and  overhaul  operations. 

•  Study  novel  methods  of  controlling  fires. 
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APPENDIX  A 

DA™  OF  FIRE  DEPARTMENT  operations  in 
NEW  YORK  AND  WHITE  PLAINS,  N.Y.;  LOS  ANGELES 
AND  BUENA  PARK,  CALIF. 


For  symbols  and  abbreviations  used  in  Tables 
IX,  X,  XI,  XII ,  see  page  39 
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TABLE 


Fire  No. 
1. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 


Arson  is  suspected  to  be  the  cause  of  this 
fire  in  vacant  boarded  up  dwelling.  It  was  knock¬ 
ed  down  and  controlled  very  quickly,  even  though 
there  was  about  a  20  min  delay  in  discovery. 


Discovery  delayed  10  min,  thick  fog  condition 
and  false  report  of  persons  still  in  building,  all 
contributed  to  the  extensive  damage. 


Space  heater  started  this  early  morning 
fire  which  burned  approximately  10  min  before  dis¬ 
covery. 


A  fire  bomb  thrown  against  outside  wall  start¬ 
ed  this  fire  in  vents  and  unpartitioned  attic 
space  over  building.  Three  alarms  were  sounded. 


This  fire  had  a  good  start  due  to  approxi¬ 
mately  35  min  delay  in  discovery  —  after  working 
hours  in  commercial  area.  Poor  housekeeping  add¬ 
ed  fuel  to  the  fire. 


A  60  min  delayed  discovery  allowed  this 
furniture  warehouse  fire  to  gain  considerable 
headway  before  arrival  of  fire  equipment.  Delay 
caused  by  sight  obscuring  heavy  rain  and  early 
morning  hour. 

This  building  was  closed  up  tight  when  all 
employees  left  at  midnight.  The  fire  started  and 
smoldered  for  97  min  before  being  discovered.  Fog 
tightness  of  building  and  the  very  early  morning 
hour  all  contributed  to  the  delay. 

Two  alarm  fire  caused  by  poor  housekeeping 
in  50-year-old  building  —  ground  up  vinyl  mate¬ 
rial  ignited  by  space  heater. 

This  three  alarm  blaze  gained  headway  due  to 
delayed  discovery  because  of  late  hour  and  the 
absence  of  any  employee  or  watchman. 

Extensive  damage  resulted  in  delayed  dis¬ 
covery,  poor  warehousing  in  large,  undivided  area 
no  sprinklers,  broken  natural  gas  line,  and  no 
access  to  south  and  west  side  of  building. 
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New  York 

REMARKS  FOR  TABLE  X 


This  fire  had  made  substantial  headway  due  to 
delay  in  reporting  by  unsupervised  children  who 
accidentally  started  and  unsuccessfully  attempted  to 
extinguish  it.  Additional  short  delay  due  to  un¬ 
serviceable  hydrant. 

2.  This  fire  believed  started  by  children  playing 
in  bedroom.  Fire  spread  retarded  by  nearly  closed 
bedroom  door.  A  good  stop  was  made. 

3.  Power  tools  were  used  to  make  a  good  stop  at 
this  fire  even  though  the  alarm  was  delayed  by  the 
time,  2:13  A.M. ,  the  vacancy  of  the  building,  and  the 
location  of  the  origin  within  the  building. 

4.  A  good  stop  was  made  on  50-year-old  building, 
(10  to  15  min)  —  Started  by  a  cigarette  at  early 
hour  --  (5  A.M. )  --  good  team  effort  by  fire  com¬ 
panies,  with  no  unusual  problems. 

5.  Arson  with  the  use  of  an  accelerant  and  a 
slightly  delayed  alarm  gave  this  fire  time  to  total¬ 
ly  involve  two  rooms  upon  arrival  of  first  fire  equip¬ 
ment  . 

6.  Suspected  arson  in  65-year-old  building  and 
delayed  discovery  allowed  the  fire  to  involve  total 
structure  and  extension  to  three  story  adjoining 
structure  by  the  time  the  fire  units  arrived. 

7.  Spread  of  fire  was  very  rapid  in  this  75-year- 
old  building.  Fire  believed  started  by  children 
playing  with  matches  in  basement,  and  discovery  de¬ 
layed  because  of  "rear  tenement"  location  in  slum 
clearance  location. 

8.  Arson  by  vandals  using  gasoline  or  similar 
petroleum  product  accounted  for  complete  involvement 
of  main  hall  and  adjoining  rooms  in  5  min.  Age  of 
building  with  both  horizontal  and  vertical  arteries 
unprotected  and  the  general  state  of  disrepair  aided 
fire  spread. 
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9. 


10. 


This  arson  fire,  with  the  use  of  an  acceler¬ 
ant  and  4  to  5  min  delay  of  discovery,  was  difficult 
to  fight  due  to  type  of  building  construction.  It 
was  nevertheless  subdued  with  minimum  damage  to  the 
structure  and  its  contents. 

Delayed  discovery  of  fire  in  60-year-old 
structure  caused  collapse  of  two-thirds  of  ware¬ 
house,  hindering  interior  extinguishment,  5  min 
after  arrival  of  lead  units .  The  collapse  also  ex¬ 
tended  the  overhaul  operation. 
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White  Plains 
REMARKS  FOR  TABLE  XI 


Fire  No. 

1.  Child  playing  with  matches  started  this  fire 
which  was  reported  and  controlled  quickly  by  fire 
fighters. 

2.  Possible  spontaneous  combustion  of  rags  in 
kitchen  started  this  fire  in  unoccupied  apartment. 

It  was  quickly  subdued  by  prompt,  efficient  fire 
department  action. 

3.  Defective  wiring  believed  responsible  for  this 
fire  which  smoldered  for  approximately  3  hrs  before 
discovery. 

4.  Cigarette  on  couch  probably  caused  this  fire 
which  smoldered  and  burned  approximately  43  min. 
before  discovery.  Two  house  pets  died  because  of 
this  small  fire  which  was  confined  to  the  living 
room. 

5.  Possible  electrical  fire  --  alarm  delayed  be¬ 
cause  occupants  were  sleeping  in  rear  bedroom,  while 
fire  started  in  front. 

6.  Thick  black  smoke  complicated  fire  fighting 
operation  of  this  basement  oil  fire  started  by  a 
defective  oil  burner. 

7.  This  fire, originating  in  second  floor  bath¬ 
room,  is  estimated  to  have  burned  2  to  3  hrs  be¬ 
fore  discovery.  Building  locked  and  unoccupied. 

8.  Delayed  discovery  because  fire  in  rear  of 
closed  store  went  unnoticed  until  part  of  front 
window  broke  out. 

9.  This  rapidly  spreading  fire  was  caused  by  ac¬ 
cidental  upsetting  of  kerosene  salamander  (heater) 
which  ignited  easily  combustible  materials  in 
large  undivided  area. 

10.  Fire  of  unknown  cause  started  in  fourth  floor 

storage  area,  burned  for  10  min  before  being  dis¬ 
covered. 
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Buena  Park 

REMARKS  FOR  TABLE  XII 


Fire  No. 

1.  This  small  fire  involved  two  cars  and  carport 
and  had  a  good  start  because  of  delayed  alarm  and 
inability  of  civilians  to  use  pump- tank  extinguish¬ 
ers. 

2.  This  fire  gained  headway  rather  rapidly  due 
to  the  storage  of  flammable  materials  in  the  gar¬ 
age,  even  though  there  was  no  delay  in  reporting 
other  than  the  normal  time  required  to  get  to  a 
phone  and  make  the  call. 

3.  Natural  gas  from  small  heater  caused  explo¬ 
sion  when  ignited  by  water  heater.  Many  collected 
items  in  home,  wall  to  wall  with  barely  enough 
room  to  walk  through,  added  fuel  to  the  fire. 

4.  A  cigarette  dropped  on  a  sofa  probably  started 
this  fire  which  was  delayed  in  being  reported  approx¬ 
imately  1  hr  because  the  owners  were  not  home. 

5.  Alarm  was  delayed  about  20  min  because  owners 
were  asleep.  Fire  started  in  garage  and  spread  to 
kitchen  through  hollow  core  door. 

6.  An  estimated  2  hr  delay  resulted  in  rapid  spread 
of  flames  through  super  heated  atmosphere  in  house. 

One  of  the  sleeping  occupants  died  from  bums  and 
smoke  inhalation.  Rescue  efforts  were  hampered  by 
intense  heat  and  fog. 

7.  This  fire  burned  for  about  3  hrs  before  its 
discovery  by  neighbors,  since  owners  were  not  at 
home.  Dense  fog  caused  fire  to  be  unnoticed  until 
it  broke  through  roof. 

8.  Spontaneous  combustion  started  fire  in  new 
building  operating  under  temporary  use  permit.  A- 
larm  delayed  15  min  and  nonconnected  sprinkler  sys¬ 
tem  allowed  building  to  be  fully  involved  in  fire 
upon  the  arrival  of  the  first  engine  company. 

9.  A  delayed  alarm  gave  fire  time  to  make  a 
large  headway,  and  inadequate  water  supply  slowed 
extinguishment . 

10.  Arson  gave  fire  a  fast  start,  and  delayed  a- 

larm  allowed  building  to  become  fully  involved  upon 
arrival  of  fire  reauioment. 
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APPENDIX  B 

WATER  QUANTITIES,  CONTROL  TIMES 
AND  MANPOWER  USED  IN  SUPPRESSINC- 
FIRES 
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TABU  XI 


MANPOWER  USED  IN  SUP 


Classes  of  Maximum 
Fire  Area ,  A2 

(ft2) 

TOTAL  MAN-HOURS  EXPENDED 
(Up  to  &  Including  Extinguishment) 

SALVAGE 

Average  Man-hour 
(Percent  of  Tota 

Chgo  L.A.  N.  Y.  W.  P.  B.  P. 

Chgo  L.A.  N.  Y„  M 

Residential 

0  -  500 

501  -  1000 
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8.2  6.9  8.0  1.6  4.5 

9.0  -  5.4  13.3  5.9 

18.3  1.4  17.5  -  5.1 

13.4  -  18.5 

0.9  2,8  0  6 

(9)  (9)  (0)  ( 

1.0  0  28 

•  (6)  -  (0)  ( 

19  .6  0 

(9)  (13)  (0) 

1.9  -  0 

(12)  -  (0) 

Average  Use  of  Man-hours  Expended  as  a  Percent  of  Total 

9  11  0  i 
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1.3  3.4  6.1 

(11)  (8)  (10)  1 
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SYMBOLS  AND  ABBREVIATIONS  USED  IN  TABLES 
IX,  X,  XI,  AND  XII 

Building  Construction  -  Columns  2  and  3 

W  Wood  construction 

F-R  Fire  resistive 

M-J  Masonry- joist  (Brick  or  Concrete  block  walls,  wood 

floors  and  roof) 

M-C  Metal  clad 

S-F  Steel  frame 

Number  of  Stories  -  Column  3 
A  Attic  (Also  Involved) 

B  Basement  (Also  Involved) 

Fire  Streams  -  Columns  18  and  19 

Column  18  shows  Number  and  Size  of  Hoses  used. 

Column  19  -  AP  =®  Aerial  Platform 

Master  Stream,  T  »  Turret  Nozzle  Master  Stream 

LP  Ladder  Pipe  Master  Stream 

Type  of  Fire  Department  -  Column  20  -  Paid  or  Volunteer 

Fire  Apparatus  -  Column  21 

E  Engine  Company 

L  Ladder  Company 

Batt  Battalion  Chief 

S  Squad  Company 

Div  Division  Chief 

SL  Skip  Loader  (Rubber  Tired  B) 

HU  Heavy  Utility  Company  (Wrecker) 

AU  Air  Utility  (Panel  Truck  with  air  compressor  and  tanks) 
LW  Light  Wagon  (Portable  Electric  Lights) 

S’J  Service  (Provides  food  and  coffee) 

Eng  Chief  Engineer 
Rescue  Rescue  Squad  Company 
Marine  Fire  Boat 
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